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Fusion proteins (tagged proteins)

Translation fusion of sequences coding a recombimantein and

a) short peptide [ex. (His)(Asp), (Arg), ... ]

b) oligopeptide [ex. MBP, GST, thioredoxin ...]

()

5’ Promoter Tag Gene of interest 3’ Terminator

lTranscribe and translate

N[ T 1C

Tag fused to the N-terminus of the protein of interest

5’ Promoter ‘Gene of interest Tag 3’ Terminator

lTranscribe and translate

N 1 | C

Tag fused to the C-terminus of the protein of interest

Engineering a tagged protein requires adding
DNA encoding the tag to either tbéor 3’

end of the gene encoding the protein of
interest to generate recombinant protein with
a tag at théN- or C-terminus. The stretch of
amino acids containingtarget cleavage
sequencdCS) is included to allow selective
removal of the tag.



Uses of fusion tags

»Increasing the yield of recombinant proteins +usion of the N-terminus of the target protein
to the C-terminus of a highly expressed fusionmaartesults in high level expression of the
target protein.

» Enhancing the solubility of recombinant proteins —Fusion of the N-terminus of the target
protein to the C-terminus of a soluble fusion partoften improves the solubility of the target
protein.

»Improving detection —Fusion of the target protein to either terminua ghort peptide
(epitope tag) or protein which is recognized byaatibody (Western blot analysis) or by
biophysical methods (e.g. GFP by fluorescence)ifatas the detection of the resulting protein
during expression or purification.

»Localization —A tag, usually located on the N-terminus of thge&amprotein, which acts as an
address for sending a protein to a specific cellctanpartment.

» Facilitating the purification of recombinant proteins —Simple purification schemes have
been developed for proteins used at either termwiiush bind specifically to affinity resins.



EUSIon: partner (tao)

a0 placement| USEs

His-tag

6, 8, or 10 aa

N- or C-terminus

Purification, detattio

Thioredoxin

109 aa (11.7 kDa)

N- or C-terminus

Purification, solityoenhancement

Calmodulin-binding domain 26 aa N- or C-terminus Purification

(CBD)

Avidin/streptavidin Strep-tag 8 aa N- or C-terminus Purification, secretion

Glutathione S-transferase (GST)| 26 kDa N-terminus Purification, solubility enhancernefp

Maltose binding protein (MBP)

396 aa (40 kDa)

N- or C-terminus

Purification, solupienhancement

Green fluorescent protein (GFP)

220 aa (27 kDa)

N- or C-terminus

Localization, detattjourification

Poly-Arg

5-16 aa

N- or C-terminus

Purification, solubility enlkkement

N-utilization substance A
(NusA)

495 aa (54.8 kDa)

N-terminus

Solubility enhancement




Advantages and disadvantages of used fusion partners

Proteins do not naturally lend themselves to highhroughput analysis because of their diverse physiogical
properties. Affinity tags have become indispensabl®ols for structural and functional proteomics.

No single tag is ideally suited for all purposes. fierefore, combinatorial tagging might be the only \ay to harness the
full potential of affinity tags in a high-throughput setting.

Because affinity tags have potential to interfere ih structural and functional studies, provisions nust also be made
for removing them.

Mild elution conditions

Provides convenient means
of immobilizing proteins in
a directed orientation

Variable efficiency of
enzymatic biotinylation
Co-purification of E. coli
biotin carboxyl carrier
protein on affinity resin
Does not enhance
solubility

Tag* Advantages Disadvantages
GST Ef_ﬁ _UiE_"L translation High metabolic burden Hisg Low metabolic burden Specificity of IMAC is not
|n|t|atlun_ N . _ _ _ as high as other affinity
Inexpensive affinity resin Homodimeric protein methods
Mild elution conditions Does not enhance Inexpensive affinity resin
solubility Mild elution conditions
MEBP Efficient translation High metabolic burden Tag works under both Doas not enhanoe
initiation native and denaturing solubility
Inexpensive affinity resin conditions
E"_h ances solu L-""'r_-'&'f STREP Low metabolic burden Expensive affinity resin
Ml!d_ elution UU"_L"UUHS . _ High specificity Does not enhance
MNush Efficient translation High metabolic burden solubility
initiation N Mild elution conditions
Enhanues.sglublllw SET Enhances solubility Mot an affinity tag
Mot an affinity tag . CBP Low metabolic burden Expensive affinity resin
Thioredoxin Efficient translation Mot an affinity tag High specificity Does not enhance
initiation solubility
o Eﬂ!'li_inUE-‘i SU|UL"|_|”-‘9' o Mild elution conditions
Ubiguitin Efficient translation Mot an affinity tag S-tag Lew metabolic burden Expensive affinity resin
'"'_UEUU" - High specificity Harsh elution conditions
Might enhance solubility lor on-column cleavage)
FLAG Low metabolic burden Expensive affinity resin Does nnt enhance
High specificity Harsh elution conditions solubility
BAP Low metabolic burden Expensive affinity resin

GST, glutathione S-transferase; MBF, maltose-binding protein; Nusd, N-utilization
substance A FLAG, FLAG-tag peptide; BAF, biotin acceptor peptide; Hisg,
hexshistidine tag; STREP, streptavidin-binding peptide; SET, solubility-enhancing
tag; CBP, calmodulin-binding peptide.

"Derivatives of thioredoxin have been engineerad to have affinity for immaobilized
metal ions (His-patch thioredoxin) or avidin/stre ptavidin [38].



Combinatorial tagging
The aim is to get the maximum possible benefit fedfmity tags.

Combinations:

Solubility-enhancing tag + purification tag MBP + His6 tag
2x purification tag: 1gG-binding domain + streptavidin-binding domain
Localization tag + purification tag: GFP + His6 tag

Localization tag + 2x purification tag + immunodetetion: GFP + SBP domain + Hisag + c-Myc



Increasing the yield of recombinant proteins using fusio protein technology

Yield enhancing tags are proteins and peptides whiccan be involved in:

» increasing the efficiency of translation initiatjon
» protection against proteolytic degradation, and

» helping to properly fold their partners leadingrioreased solubility of the target
protein {nvivo andin vitro).



Increasing the yield of recombinant proteins using fusio technology

» Increasing the efficiency of translation initiation(e.g. GST, MBP, NusA...)
- Advantage of N-terminal tags

- Providing a reliable context for efficient trarnsba initiation

- Ribosome efficiently initiate translation at thet®&tminal methionine of the tag

- Deleterious secondary structures are more likeelyccur in conjunction with short N-
terminal tags because short RNA-RNA interactionsl t® be more stable than long-range

interactions.

» Protection against proteolytic degradation

- Several studies have shown that the nature ofinatmesidues in protein can play a role in
recognition and subsequent action by proteasemasaime cases affinity tags might improve
the yield of recombinant proteins by rendering thmore resistant to intracellular proteolysis.



Solubility-enhancing tags

- Are generally proteins or peptides that enhance
solubility and even promote the proper folding of
the target proteins.

PROTEINS

GST (glutathione S-transferasé)BP (maltose
binding protein)

- Also act as affinity tags for protein purification

NusA (N-utilization substance A)JRX
(thioredoxin)

- Require additional affinity tags for use in protei
purification

PEPTIDES
Poly-Arg (also acts as affinity tag for protein

purification)

Generate parallel

expression clones

His6 @

Target protein

(a)

Express in

Target protein E. coli

His6

Target protein

Target protein

His6 @\

Protease
cleavage site

(e)

Target protein

His6
_IMAC FT

Eisﬁ

SUCCESS

Target protein

Target protein

Target protein

Dead end: protein insoluble
after cleavage of tag

Dead end: insolubility

@Target protein

L =

Target protein

Target protein

Target protein

(b)

Purify by IMAC
Cleave with
protease

Good
cleavage
Poor
cleavage

Target protein
His6

Target protein

Dead end: difficult to separate
cleaved protein from fusion

Current Opinion in Biotechnology

Poly-Lys

Schematic representation of the pathway from protei
expression to purification using solubility tags.

The mechanism by which partners exert their sakibd function is not clear (they might
act through a chaperone-like mechanism) and pgsditiers between fusion proteins.




Solublility-enhancing tag - Thioredoxin

- Serves as a general protein disulfide oxidoredecta

- Is present in all species from Archaebacteria tméuos.

Folding of thioredoxin. The redox-active disulfiohe
the active site (Cys32-Cys35) is located on a
protrusion between the strafid and the helixi2 .
Only the sulphur of Cys32 is exposed to the solvent

Proposed mechanism of thioredoxin-
catalyzed protein disulfide reduction.

Reduced thioredoxin [Trx-(SH)2] binds to
Trx X Trx X Trx X a target protein via its hydrophobic surface
L | ‘ QT? = area. Nucleophilic attack by the thiolate of
N Cys35-SH ¢ | = Cys35-SS4 | Cys35-S HSA Cys32 results in formation of a transient

- D i D ( I-*: | mixed disulfide, which is followed by
-/ Cys32:5( S i C‘f‘ﬁz‘ff:-?’ 1 @ Gys32-5 H57 nucleophilic attack of the deprotonated
L

o=

H " | Cys35 generating Trx-S2 and the reduced

. protein. Conformation changes in

thioredoxin and the target protein occur
during the reaction.

Trx-(SH), reduces insulin disulfides at pH 7 with a rate ¢antsof 160 M-t s, which is about five orders of
magnitude faster than insulin reduction by dithiettol (DTT), a well-known dithiol reductant.



Solublility-enhancing tag — Thioredoxin
SUMMARY

» The active-site surface in thioredoxin is desigteefit many proteins. Thioredoxin thus uses a
chaperone-like mechanism of conformational chahgésnd a diverse group of proteins and fast
thiol-disulfide exchange chemistry in a hydrophobnwironment to promote high rates of
disulfide reduction.

19 84 215

27 28 29 34 27 28 29 34 27 28 29 34 .
sisisisi sisisisi sisisisi Example of SDS PAGE gels witioluble

- B w .= & <« (s)andinsoluble (i) fractionfollowing
2 B B M 8 8 8 8 ' I« = lysis. The results when produced from the
88 KH .= i-i_i-i'_ﬁ__ = WS g four different expression vectof7: His
HRETE RS % = sids "7 _ tag only; 28: thioredoxin + His tag; 29:
£0 E = = = & © = & = © _ GST+Histag: 34: GB1 + His tagpre
- ew W% e S U - - shown for three different target proteins
19, 84, 215 — human proteins involved in cancer (Hammarstromet al., 2005).

»Increasing the solubility of the target proteinsawgrproduction of thioredoxin strongly
suggests that the redox state affects the solubilitgrget proteins.



Solubilization Factor [molarimolar]

Solublility-enhancing tags — Short peptide tags

. .. B*H;

Poly-Lys tag, poly-Arg tag = one, three and fiveilgsor arginind " \clf N
residues fused to the C- or N-terminus of the tapgetein N Gre

CHa CHe

| |
Solubility as defined here is the maximum protenaentration of the Ei ii
supernatant after centrifugation of the supersgdrprotein sample. v e _cor

H H

Arginine (R) Lysine (K)

The solubilization factor is defined as the molar
ratio between the solubility of tagged BPTI-22
variants and that of the reference BPT-22 molecule.

BPTI-22 = bovine pancreatic trypsin inhibitor vai@ontaining 22 alanines

iy
n & tn
1

The solubilization effect of poly-Lys tags is lowtean
that of poly-Arg tags (lysines are less hydrophihart
arginines).

=
e

0.0

N- C- N- C-terminus

Charged residues seem to act through repulsive eteastatic interaction and thus
hamper intermolecular interaction arising from the hydrophobic cluster.

Kato et al., 2006



Biochemical properties of poly-Arg and poly- Lys taggd BPTI-22 protein

Protein Solubility

Conc. |mM] Solubilization Rel. Trypsin Inhibitory

Protein (Conc, [mg/ml|}* Factor” j ol 6 Activity (%)°

BPTI-22 1.70 (10.00) 384

NIK 1.70 (10.40) 100 (1.04) 35.2 1.05

N3K 266 (19.97) 1,56 {2.00) 344 1.04

NSK 5.37 (35.60) 3.16(3.56) 34.3 1.05 .

CIK 1.79 (10.95) 105 (1.10) 346 1.05 The addition of 0.5 M Arg

C3K 241 (15.28) 1.42(1.53) 36.2 1.05 barely increased its solubility

C5K 7.16 (47.47) 4.21(4.75) 35.0 1.02 and trypsin activity was
o T | inhibited by the high arginine

::53 ;:E g;;ﬁ ;;:Elﬁ; j if: Ex concentration. On the other

EMF AR . R e ] v g

CIR 181 (11.07) 1.06(1.11) 15.0 1.05 hand, addition of 50 mM ,

C3R 3.02 (19.26) 1.78(1.93) 344 1.05 Arg+Glu was more effective

C5R 8.23 (54.56) 4.84 (5.46) 34.8 1.08 and increased protein

CaeR 10.59 t?3.41} 622 I:_T_}Pd-] 3r7 1.1 Solublllty over threefold

300§ Bk L XEREEARN LRI NERIN N .00

BPTI-22! 2.01 (11.82) 1.18(1.18) NDF NAZ

Protan solubility was determined as the maximum supernatant concentration of 2 supersaturated protein solution at 4°C in 100 mM acetate buffer pH
4.7

® Maximum concentrations calculated in milligrams per milliliter are indicated in parenthesis, The Mw of BPTI-22, -NIK and -CIK, -N3K and -C3K,
-M5K and -CSK, -NIR and -CIR, -N3R and -C3R, -N5R and -(5R, and -C6R are, rspectively: 5880, 6123, 6379, 6636, 6151, 6463, 6776, and 6932 Da.

® Calculated as the ratio between the molar protein solubility of BPTI-22 and that of tagged BPTI-22, Values in parenthesis indicate the ratio calculated n
milligrams per onnlhliters,

“ Relative trypsin inhibitory activity caloulated as the mtio between the activity of BPT1-22 and that of tagped BPTI-22, BPTI-22, which lacks R39, an argi-
nine residue involved in two hydrogen bonding interactions with the trypsin residue backbone,™ has a reduced trypsin inhibitor activity corresponding to
~ 6% of the wi-BFTLand BPTI-[5,55] at stoichinmetry and a protein concentration of 280 nM."™

2 Solubility in the seme buffer as above but with the addition of 50 mM -Arg + -Gl

® The CD thermal melting curve could not be determined due o the strong absorption of arginine and glutamic acid.

T Protein solubility with 500 m M Arg-HCl added to the above buffer.

% The trypsin activity could mot be determined becanse the high argning concentration mbhibited trypsin activity,

The addition of a poly-Arg or poly-Lys tag to the &f-C-terminus of BPTI-22 can
increase its solubility without significantly affaeg its structure, stability or activity.

Kato et al., 2006




A)

BPTI-22: RPAFCLEPPYAGFAKARIIRYFYNAAAGAAQATVYGOAAAKRNNTABAADALAACAAA

B)
(b)

FIGURE 3 Hydrophobic residues in BPTI-22. A: One letter amino acid sequence of BPTI-22
with the hydrophobic residues (A, V.LL,EP) shown in green letters, B: Left, BPTI-22 ribbon model
with a-helices colored red and [J-strands colored blue. Right, surface representation of BPTI-22
with the hydrophobic area determined as low electrostatic potential regions according to MOL-
MOL,™ colored green. The molecule is oriented with the (J-sheet pointing to the back in (a) and to
the front in (b). The N- and C-termini are labeled "N” and “C,” respectively. The C-terminal end is
located on the same face as a large hydrophobic patch shown in green, whereas the N-terminal end
is on the opposite side of the molecule and is shown with a light gray letter "N” in panel (b}.

The solubilization factor of all C-terminal tagsswglightly higher than that of the respective
N-terminal tags.

The C-terminus of BPTI-22 is close to a large hythabic patch, whereas the N-terminus is
located on the opposite side of the molecule, dway the hydrophobic patch.

Kato et al, 2006



Solubility-enhancing tags — Comparison of peptide angrotein tags, conclusions

» Protein tags are inherently large and need to hedity folded in order to enhance
solubility.

» Proteins tag are often natural affinity tags

» Peptide tags are small, and, importantly, theyataeed to be folded, which
provides a significant advantage over protein tags.

» The use of small tags (< 30 amino acids long) adm¢sncrease protein size
substantially and diminishes steric hindrance, Wwisiecnplifies downstream structural
and functional applications without the need tooeenthe tag.

» The solubilization enhancement effect depends ersite of the target protein.
Solubility enhancement of fusion partners is lessmpunced for larger target proteins
(above 25 kDa).

MANY TAGS SUFFER FROM THE SAME PROBLEM — THEY DO NOT
FUNCTION EQUALLY WELL WITH ALL TARGET PROTEINS.



Removal of fusion tags

All tags, whether small or large, have the potentiao interfere with biological activity of a protein,
impede its crystallization, or otherwise influencets behavior.

1. Site-specific proteolytic cleavage

. Amino acid in posidon X Cleavage of enerokmse (%)
Enterokinase  Asp-Asp-Asp-Asp-LysX oo PP
‘ethicmine E1a]
Lysme A5
Leucine &5
A spamgine S
Phemy bl anine &5
Isalencine B4
Axparic acid Bd i
e i 80 e — . Protease site
{ilntmine 74 B Y
W akine 79 - map Y| Target
Arginine 78 -/ protein
Threcmmne T8 — )
Tyrazine T8
Hs@dime Th
Serine T4
Cysteine T4
Cilycine T4
Trypuophan a7
Proline Al

TEV protease optimal cleavage sequendgiu-Asn-Leu-Tyr-Phe-GIn/Ser

Thrombin X4-X3-Pro-Arg[Lys] /X1-X2

(X4, X3-hydrophobic residues; X1, X2-non-acidic resiues)
Some frequently used recognition sitesu-Val-Pro-Arg/Gly-Ser; Leu-Val-Pro-Arg/Gly-Phe; Met-Tyi-
Pro-Arg/Gly-Asn.

Factor Xa lle-Glu[Asp]-Gly-Arg /X1
X1 can be any amino acid except arginine and peolin




2. Use of self-processing fusion partners derived froreelf-splicing inteins

(analogy to RNA splicing)

Inteins are selfish DNA elements inserted in-frame and

WA £
S

translated together with their host proteins. Hnexcursor e (a) Protein cleavage find prci=in

protein undergoes an autocatalytic protein splicing
reaction.The process of protein splicingemoves inteins
and splices the exteins together to make a matoteip.

(b) Protein splicing
(intramolecular)

Precursor

Final protein

The principle disadvantages of the intein approach:

» the large size of the catalytic machinery that niest
incorporated into the fusion protein, which incesathe
metabolic burden on the cells

Inteins

> the dependence of processing effl_C|ency on the o () Protein splicing N
sequence context at the fusion junction SeHror (intermolecular) FEEEEE

Copyright © 2009 Pearson Education, Inc.

» the slow rate of auto-processing

» the fact that inteins neither enhance the solyfidr
facilitate the purification of their fusion partiser



3. Chemical cleavage

- Rarely used

Cyanogen bromide Met/X
Hydroxylamine Asn-Gly

Chemical cleavage is a harsh method leading tospeuwific cleavage, whereas
enzymatic cleavage can be specific but inefficient.



5.
6.
7.

Removal of fusion tags — Achilles' heel of the fusiorparoach

Unspecific cleavag€SOLUTION: optimization of protein cleavage condits or using re-engineered
proteases with increased specificity such as Prodity/AcTEV)

Optimization of protein cleavage conditiongmainly enzyme-to-substrate ratio, temperature, pH,
salt concentration, length of exposure)

Precipitation of target protein when the fusion @rtner is removed (so-called soluble
aggregates; SOLUTION: other approach for protelalsbzation has to be found)

Cleavage efficiencyvaries with each fusion protein in an unpredictaiianner, probably due to
aggregation or steric issues; the problem can beddy introducing short linkers between the paste
site and the fusion tag)

High cost of proteases

Re-purification step

Failure to recover active or structurally intact protein

Small tags
are better
choice in
structural
biology



Unspecific Histag cleavage
pRSETB::AHP2

Enterokinase cleavage site

N'MRGSHHHHHHGMASMTGGQQMGRDLYODDDKDP PSSRSAAGTMEFMDALIA. ...t GIVPQVDIN C'
N N _

——
Theoretically: 18.9 kD3

LC/MS-MS analysis

a.id.
- AHP2_enterokinase
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J 3221 M \ Csags \
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Affinity chromatography

» Affinity chromatography exploits the natural specrecognition between biological
molecules.

Ligand Affinity to

Enzyme substrate analogue, inhibitor, cofactor

Antibody antigen, virus, cell

Lectin polysaccharide, glycoprotein, cell surfaceemor, cell

Nucleic acid complementary base sequence, histonekic acid polymerasg,

nucleic acid binding protein.

Hormone, vitamin| receptor, carrier protein

Glutathione glutathione-S-transferase or GST fugi@teins
Metal ions poly (His) fusion proteins, native prowith histidine, cysteine
and/or tryptophan residues on their surfaces.

» Essential tool for protein purification (proteirepiaration for structural genomics,
antibody generation, and biochemical analysis)@otein complex isolation.

» The essential element of affinity chromatographghesaffinity ligand immobilized
onto an inert, hydrophilic solid support (or malywhich is used in a column to purify
the desired target molecule.



Affinity purification of tagged proteins

Affinity tag Protein of interest

2
>

Sepharose Affinity tag binding partner
Immoblized binding partner of Affinity tag fused to N- or C-terminus
affinity tag of protein
TPEG (substrate analogue of B-galactosidase
B-galactosidase)
Glutathione Glutathione-S-Transferase
Immunoglobulin G Protein A
Cull,Collor Nill poly His or poly Cys

A tag is fused to the N- or C-terminus of the pnotef interest to facilitate
purification, which relies on a specific interactibetween the affinity tag and its
immobilized binding partnefGenetically engineered fusion tags allow the

purification of virtually any protein without any p rior knowledge of its
biochemical properties.



Components of a matrix for affinity chromatography

Spacer arm Support matrix

i
\\\\\\\“‘5\\\\\\\

Choice of ligand:

» The ligand must bind strongly (e.g., Kd < 1 nM) he target molecule to facilitate its
capture from a complex protein mixture.

» Higher affinity produces better specificity, andishoetter purification.

» When the affinity is high enough (e.g., Kd < 1 nMmall amounts of affinity gel
matrices can be used to purify proteins from largjemes of crude extracts.

» When the affinity is not high enough and the prteiof low abundance, partial
purification using other methods to enrich the @irobf interest may be required.

> Affinity tag procedures are particularly useful whiarget proteins must be isolated
from complex protein mixtures.



Components of a matrix for affinity chromatography

Ligand Spacer arm Support matrix

CNBr \C*NH . A
g e One of the most common methods for immobilizing
N OH N ° ligands involves cyanogen bromide activation of

Agarose Imidocarbonate

gel derivative
(among other
products)

Isourea
derivative

agarose to produce imidocarbonate derivatives, which
react with amino groups to generate isourea linkages

A matrix supports (typically, a macroporous polysaccharide bead ssdgarose) tether the
active ligands and provide a porous structure sotliesie is an increased surface area to
which the target molecule can bind. A ligand carctealently affixed to substituent groups

within the matrix (e.g., amino, hydroxyl, carbonghd thio groups) that are easily activated
using conventional chemical methods.

24



Components of a matrix for affinity chromatography

Ligand Spacer arm Support matrix

Ni2* NTA sepharose

T T e

A spacer armwill be required in cases where direct couplinghaf ligand to the matrix
results in steric hindrance and subsequently ttyetarotein will fail to bind to the
immobilized ligand efficiently. The introduction afspacer arm between the ligand and
the matrix minimizes this steric effect and pronsad@timal adsorption of the target
protein to the immobilized ligand.

25



Overview of tags using in affinity chromatography

Table 1 Matrices and eluton conditions of affinity tags

Affinity tag

Matrix

Elution condition

Poly-Arg
Poly-His
FLAG
Strep-tag 11
C-mye

S

HAT (natural histidine
affinity tag)

Calmodulin-binding peptide

Cellulose-binding domain

SBP
Chitin-binding domain

Glutathione S-transferase
Maltose-binding protein

Cation-exchange resin

NiZ*.NTA, Ca®*-CMA (Talon)
Anti-FLAG monoclonal antibody
Strep-Tactin (modified streptaviding
Monoclonal antibody

S-fragment of RNaseA

Co?t-CMA (Talon)

Calmodulin
Cellulose

Streptavidin
Chitin

Glutathione
Cross-linked amylose

NaCl linear gradient from 0 to 400 mM at alkaline pH=8.0
Imidazole 20-250 mM or low pH
pH 3.0 or 2-5 mM EDTA
2.5 mM desthiobiotin
Low pH
3 M guanidine thiocyanate,
0.2 M citrate pH 2, 3 M magnesium chloride
150 mM imidazole or low pH

EGTA or EGTA with | M NaCl

Family I: guanidine HCI or urea=4 M
Family II/IL: ethylene glycol

2 mM Biotin

Fused with intein: 30-50 mM dithiothreitol,
B-mercaptoethanol or cysteine

5-10 mM reduced glutathione

10 mM maltose

Table 2 Sequence and size of affinity tags

Tag Residues  Sequence Size
(kDa)
Poly-Arg 5-6 RRRRR 0.80
(usually 5)
Poly-His 2-10 HHHHHH 0.84
(usually 6)
FLAG 8 DYKDDDDK 1.01
Strep-tag 11 8 WSHPQFEK 1.06
c-myc 11 EQKLISEEDL 1.20
S- 15 KETAAAKFERQHMDS 1.75
HAT- 19 KDHLIHNVHKEFHAHAHNEK 2.31
3x FLAG 22 DYKDHDGDYKDHDIDYKDDDDK 2.73
Calmodulin-binding peptide 26 KRRWEKKNFIAVSAANRFKKISSSGAL 2.96
Cellulose-binding domains  27-189  Domains 3.00-
20.00
SBP 33 MDEKTTGWRGGHVVEGLAGELEQLRARLEHHPQGQREP 4.03
Chitin-binding domain 51 TNPGVSAWQVNTAYTAGOLVTYNGKTYKCLQPHTSLAGWEPSNVPALWQL(Q  5.59
Glutathione S-transferase 211 Protein 26.00
Maltose-binding protein 396 Protein 40,00




Typical affinity purification steps

adsorption of wash alute

SaTnJ[J_Ie aﬂfd — at')way d —= houngd ——= re-equilibration
ellTion o LinpaLn PI’OtEiH(S)

L unbound material  material

equilibration——=

|
° |
3 |
2| begin sample B \ change to ||
5? application elution buffer |
=< |
\ |
\ [
|
\_ S JI;}_]_\_
Zov = X oV » 1-2cv v 1-2 ev

Column Volumes (cv)

> In the equilibration phase, buffer conditions apéimized to ensure that the target molecules
interact effectively with the ligand and are re&nby the affinity medium as all other

molecules wash through the column.

» During the washing step, buffer conditions are m@dhat wash unbound substances from
the column without eluting the target moleculedl@t re-equilibrate the column back to the
starting conditions (in most cases the bindingdruf used as a wash buffer).

> In the elution step, buffer conditions are chanigekverse (weaken) the interaction between
the target molecules and the ligand so that tlgetanolecules can be eluted from the column.



Affinity chromatography

GSTs perform a protective role in the cell by detoxying
. endogenous compounds during oxidative stress, cheral
Glutathione S-transferase carcinogens, environmental pollutants and a rangefo

pharmaceutical compounds, leading to drug resistarec
» Enzymatically active fusion partner.

» GST ensures a high concentration of GST in theso#thct — this acts effectively as
a purification step, i.e. GST may form 10% of tatell protein.

» One-step affinity chromatography is used.

» This chromatographic approach relies on the spagifof the interaction betwee ?

GST and its substrate — glutathione. ot
}

» GST affinity column, which contains immobilized tdthione, binds GST where 4, » &=

most contaminating proteins fail to bind to theuroh. *f@g
» Glutathione interacts with GST and promotes theifipeslution of the enzyme. V J -
E ooty

&GSH@}(%

@—GSH—@}Q

Schematic representation of GST purification:Optimal binding of GST to | :
immobilized glutathione requires a low flow ratel( mL mirrt) due to the cf"{-/l Wash
relative weak affinity of the enzyme for the subggr Specific elution of GST o csH@y

is achieved by applying a solution of reduced ghitae. :iz:

J Elute
Gp o OF
Gy O

Pure GST-Fusion Protein




Affinity chromatography - Immobilized m etal ion &finity ¢ hromatography (IMAC)
» The most common purification tag is typically corapd of six consecutive histidine residues.

» Histidine, cysteine, and tryptophan residues amwnto interact specifically with divalent transien

metal ions such as Ni2+, Cu2+, Co2+, and Zn2+.

» Histidine is the amino acid that exhibits the styest interaction with immobilized metal ion
matrices, as the electron donor groups on thedmstimidazole ring readily form coordination bonds

with an immobilized transition metal. y kpa)
170 —
116 m—
36 —

56"_"""

Binding strength of His tag
to metal ions
Cw* > Ni?* > Zret ~ Cot

2?—

20 —

—

& (His).Zm-p60.r

Zn%* Ni¢t Co?t Cu?t

» IMAC can be used under native and/or denatureditond.

» Immobilized Fe3+, Ga3+, Al3 = metal ions that hbeen used for selective enrichment of

phosphopeptides and phosphoproteins.

> A highly purified protein can often be obtainedome or, at most, two purification steps.



His-tagged protein and IMAC under native conditions

» Optimal binding of recombinant protein
with metal ion is achieved at pH 7-8.

» Buffers with high salt concentration (0.5—
1 M NaCl-) reduce nonspecific electrostatic
Interaction.

His

1 protease cleavage site[— PROTEIN

» Nonionic detergents or glycerol reduce
nonspecific hydrophobic interactions.

f} [EDTA] P\

protease

» Elution of contaminating proteins can
achieved by lowering pH or using low
concentrations of imidazole.

» Elution of tagged protein is achieved at

<4©
E'l

high imidazole concentrations (0-0.5 M),
by strongly decreasing pH, or by using
EDTA.




His-tagged protein and IMAC under native conditions

One-step purification

- Perfusion matrix: POROS MC/M

- Functional group: iminodiacetate, metal ior¢Zn

- Removing contaminated proteins: linear gradientroflazole (0-50 mM) and pH (pH 6.1-7)
- Protein elution: 0.1 M EDTA

- 80% recovery, 95 fold purification

- Common production and isolation of wild type antuble mutant form for enzymatic
measurements and crystallization

M (kDa)
116 e

86 —

(His),Zm-p60.r —J»- -—
5 r—

39 —

27—

>
w
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His-tagged protein purification under denatured condtions

Denaturing IMAC - purification of proteins expressed in inclusionlies
— purification in high concentration of urea or gigtme chloride
— result is pure protein, but in denatured formf{signt for immunization)

Recovery of native conformergnecessary for functional and structural analysis):
» binding to the column under strong denaturing coois (8 M urea)

»Two renaturation possibilities:
1. Protein is eluted from column and renatured layydis or rapid dilution in renaturing buffers (8-QNea).

2. Renaturation of protein bounded to the columntiimassisted refolding procedure): gradient from
denatured to renatured buffers or pulsion renaturation

|dentification of properly refolded (Higgm-p60.1 (maizg-glucosidase)
using 10% native PAGE, followed by activity in ggaining:

A = crude protein extract prepared from maize seedhgs containing
Zopeot/ —»| @  +w  gme | Native enzyme

I(His),Zm-p60.r
B = (His)sZm-p60.1, renatured product (matrix assisted refoldng
procedure — 23 renaturing cycles)

C = (His)sZm-p60.1 purified by native IMAC
Ky (His)eZm-p60.1 purified by native IMAQ).64 + 0.06 mM
Ky (His)sZm-p60.1 renatured produd:6 + 0.08 mM

Determination of v, and k_was hampered by the fact that the refolding
process yielded a number of improperly folded pepties.




Affinity purification for isolation of protein comp lexes

Many protein-protein associations that exist wittha intact cell are
conserved during purification. This property carelzploited to facilitate
the detection and identification of physiologicalglevant protein-protein

interactions.

Affinity based method used for detection
and identification: : o
» Co-immunoprecipitation

» Tandem affinity purification

» GST pull-down

» Testing an interaction between two known proteins

» ldentification of novel protein-protein interacten



Co-immunoprecipitation

If protein X is immunoprecipitated with an antibodfyX, then protein Y, which is stably
associated with X in vivo, may also be precipitafdus precipitation of protein Y, based
on a physical interaction with X, is referred to asco-immunoprecipitation.

1. Cell lysis under mild conditions that do not drprotein-
protein interactions (using low salt concentratjor@ionic
detergents, protease inhibitors, phosphatase inrshito

(] A 2. The protein of interest (X) is specifically imnaprecipitated
O O from the cell extract@using an antibody specific to the protein of
[] interest or to its fusion tag)

3. The antibody-protein(s) complex is then pelletedally using
protein-A or G sepharose, which binds most antedi

4. Eluted immunoprecipitates are then fractionate®&bS-PAGE.

5. A protein of known identity is most commonly detsl by
performing a western blot or autoradiography wihren t
interaction partner is labeled witl*8ethionine. Identification

Protein A

of novel interaction is carried out by mass speoéty analysis.



Pull-down assay
» Pull-down assays are a common variation of immueapitation and are used in the same way,
although this approach is more suited to an insitiaéening for interacting proteins.

» They are used for purification of multiprotein comsin vitro.

» The protein of interest is expressed in E. colb&3 (or His) fusion and immobilized on
glutathione-sepharose beads (GST alone is oftehassa control).

» Cellular lysate is applied to the beads or colunmal, the target protein competes with the
endogenous protein for interacting proteins, fogranmplexes in vitro.

» Centrifugation is used to collect the GST fusioolq@ protein and adhering proteins.

» The complexes are washed to remove nonspecifiadigring proteins.

Step 1, Immobilize the fusion-tagged
“bait” from the kisata,

w '.i'.l."

Cot*d Chalate) it Pradaiai{_J
. O "
Bait Probein-Containing
Lysate

L]
e
.
ot
-l-"

Step 2. Wash away unbound protein.

Step 3. Bind “prey” protein to
i.mﬁubilized I:Eaﬁr ml?me':-..

o e

* a9
Proy Protein-Contaning
Lysste

Step 4. Wash away unbound protein,

d
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Step 5. Elute protein:protein interaction

complex.
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Cisplaced Interacting Complex

Step 6. Analyze protein:protein
intchctiun clg?mpprl{'.x on gﬂ%-F‘ﬂG E.

—_— st
Prey

Markis  Purifed Agaiods  Pusfied
Bt Gl  Probein-Proten

Contral  Intersction

» Free glutathione is used to elute the
complexes from the beads, or
alternatively the beads with attached
complexes are boiled directly in an
SDS-PAGE sample buffer.

» The proteins are resolved on SDS-
PAGE and processed for further
analysis.



Tandem affinity purification (TAP)

Tap-tagged polypeptide
Two-step purification strategy in order [ crmmmeean |~
to achieve higher purity of isolated e = ﬁ‘?
multiprotein complexes under near wrecrios. | [ @ f{ﬁ NTERACTONS
physiological conditions. e /w’ @ % Xm,ﬂ
Chromatin ragmentation
This method was originally developed f0| g % o @J
. . . - @
use in yeast and quickly adapted to high ’ .
. Tandem affinit ity chromatogra
eukaryotes such as insect cells, human l s
cells and plant cells. @ @ &
wigl L H’EEEHPHE"H Reverse crosslinks
—_— mc;uc rz::: /\punfy and abel DNA
-.. - Hybridize
P 000000000
0006008000
-— " [ I XX XX11]1]
- C St (S Sees0ees
Examples of TAP tags S s (200000000
(a) Mas Spectrometry SngleloasPh  Location DA Miroasy

Protein A Protein A TEV CBP 20.7 kDa

(b)
Protein G—Protein G— TEV— SBP  18.8kD o _
| o e ) TAP tag: a double affinity tag (highly
(c . L :
FLAG "Strepil” "Strepil” 4.6 kDa specific) which is fused to a protein of
(d) interest as an efficient tool for purification of

RGS™6xHisBiotin signal "6xHis |  9.6kDa

Current Opinion in Biotechnology

native protein complexes.




Tandem affinity purification

Gene of Interest CBP  TEV Site  IeGBD
1 lExpressz‘on and purification

from a culture.

5 Separation

2 Affinity Column 1: [gG Beads

6 Band Excision
And Digestion

Do
l Column 2: Calmodulin Beads 7 Peptide Separation
And MS Analysis

4

ARRRNRRERRNARN

3 i Cleavage with TEV Protease

1. Protein
2 A
3. B
4. C
5.D

NN

b




A new (and so far the best) TAP tag for plants: Th&S tag

(a) Overview of tested TAP tags

(b) Higher bait expression with GS tag fusions

TAP tag GStag
s - pg S50 10 2 50 10 2
TAR CBP -{[f?l-l ProtA || ProtA | —— e CKS1 tag
— CKES1
GS tag ( sBP 'j:{r’é% ProtG - ProtG Mg B0 10 2 B0 10 2
x R # T CDEA;T tag
-_— - CDkEA
SF2Z {?‘:trapl_l"}- 3xFlag -IT?‘JH ProtA 4 ProtA | He &0 10 2 50 10 2
s Sl g Y, ) —
— — _— T GFP-tag
(c) Lower background and higher complex yield with GS tag compared to TAP tag
@
& P
Q $ & &
& & ‘:?7' .Y 1) AT3G53880 aldo/keto reductase
§F o o~ & 2) AT4G14310 unknown
& & & 3) AT1G47230 Cyoh3:4
kDa 4) AT2G22490 CycD2:1
5) AT1G 76540 CDKB2;1
88 6) AT1G20930 CDKB2;2
-88 - 15 7) AT3G54180 CDKB1;1
15 8) ATIG48750 CDKA;1
- B2 9) ArathD5g16630 (Eugene) unknovm
b 10) AT4G 16143 impartin alpha-2
- '3 11) ATSG40460 unknown
3g T '1'.F+ 18 + 19 12) AT1G 10650 unknowin

14

13) ATSGE27620 CycHi1

14) AT4G30820 MAT1

15) AT1G03180 UVHG

16) AT1G55750 TFHH-related
17) AT1G32380 PRS2

18) AT2G35350 PRS1

19) AT2G44530 PRS, pulative

van Leeneet al., 2008



Affinity purification for isolation of protein comp lexes

- Tags can influence protein-protein interactioestfng N- and C-terminal fusion).

- Loss of weak or transient protein-protein intei@td (in vivo chemical cross-linking, e.g.
using formaldehyde).

4

N
Cross-linking chemistry:

R |

w =y

High-Mass MALDI| ToF Analysis:

To stabilize protein complexes

h-Mass
Pa 31’| ,a tem

To detect infact protein complexes

JoBe kDo

Complex Tracker Analysis Software: To evaluate generaied MS data

Protein Complex Analysis by High-Mass MALDI ToF MS

- Verification of newly identified interactotsy other methods and biologically relevant mui

- Non-specificity: controls, affinity tags with highspecificity



